Result : The multiple correlation coefficient between the estimated age derived from the "estimated age calculation table" proposed by the author and the real age was 0.814. The rate of correct estimation was high for samples in their twenties and thirties, but for people 60 years and above it was not good. The tooth that could be used most effectively was the upper second left molar.
Conclusion
: The method of age estimation proposed herewith is considered adequate for practical application.
I. Introduction
The estimation of people's age from their teeth can be done with considerable accuracy up to the ages of 22 or 23 by observation of the period of dentition and the degree of completion of the dental roots. For higher age groups, however, estimation by this method is difficult.
The author has already reported on age estimation from dental caries and the state of aentat treatment [1] [2] [3] [4] [5] ana on age estimation nom dental attrition [6] [7] [8] [9] . These are means of estimating the ages of individuals with complete dentitions.
Quantification theories called Type 1 or Type 2 [10] [11] [12] were applied in these reports. In other words, numerical values for the purpose of age estimation were assigned to qualitative variations in the extent of dental caries, or to the state of treatment, or to the degree of attrition, in order to prepare a so-called "age estimation These features have made the practical value of the methods quite high . However, they are also attended by certain inadequacies or inconveniences. In the case of age estimation from dental caries and state of treatment, for example , all healthy teeth have to be treated as equals, even though attrition may have advanced considerably with some teeth whereas others show no trace of attrition. Also age estimation from dental attrition, cannot be used if attrition cannot be observed because of the presence of crowns or fillings in a large number of teeth.
The author has therefore prepared a calculating 
Data
The data consist of the results of examining the oral cavities of 1 ,000 adult Japanese men and women 20 years of age or older. The age structure of the samples was similar to the age structure for people meeting an unnatural death in Tokyo (Table 1) . In these 1,000 samples, dental caries and state of treatment were observed, and the extent of attrition of the teeth with respect to healthy and observable teeth was examined. Rankings of attrition were assigned in accordance with the standards given in Fig. 1 In forensic dentistry, too , GusTAFsoN [13, 14] in Table 1 Age structure of samples 1950 attempted to estimate the age of individuals by observing six aging changes in ground sections of teeth. He assigned ranks from 0 to 3 to these changes, and showed that a clear correlation existed between the total score and the age.
However, the numerical values of the ranks were derived by merely assigning numbers to the progressive stages of disease, or to physiological changes and these numbers were treated as values. The weak mathematical basis of this system is a fault.
The author has presented, since 1966, a number of reports on age estimation methods One of the outstanding features of this theory is the possibility that qualitative and quantitative factors can be analyzed on the same standpoint, and that their relationships can be clarified. What is known as Type 1 in the quantification theory is adopted in the present study.
The theory purports to predict a phenomenon that arises from some feature by making use of the properties of that feature. Applied to the present study, it means that an estimation of an individual's age can be made by using the fact that the condition of an individual's teeth changes as he advances in age.
In other words, where a certain tooth (j) of an individual (i) shows a certain condition (k), the theory is used to calculate what numerical value (Xjk) assigned to the condition (Cjk) of the tooth will make the correlation coefficient between the actual age (Ai) and the estimated age (ai) the greatest. Hereinafter the objects (teeth in the case of the present study) used for such an estimation are referred to as "items" , and their classes (the state of the tooth) are referred to as "categories" . Numerical values needed for estimation are assigned to each category of each item.
For the theory and the calculating procedure based on the theory of quantification Type 1, reference should be made to HAYASHI'S paper [10] [11] [12] .
Category Classification on Each Tooth
Each tooth in each of the 1,000 samples was assigned to one of the categories numbered from 1 to 7, as shown in Table 2 . In classifying the teeth, if the state of caries or treatment was such as to allow observation of attrition, the state of attrition was given priority. The distribution of frequencies is shown in Table 3 .
In Table 3 , the frequencies of category No. 4 (attrition degree D) are low . And the effect of giving priority to attrition observation has made the frequencies of category No. 5 (caries reaching down to the dentin, fillings) very low. It is known that , in quantification, treatment of such low-frequency categories as independent ones leads to distorted results. In undertaking quantification, therefore , these low-frequency categories were incorporated into categories showing closely similar conditions.
In short, attrition degree D was merged with attrition degree C, and treated teeth and decayed teeth excepting stumps were merged as a single group.
The final classification consisted of 5 categories (Table 4) , the frequency dis- The following is the procedure for estimating age by means of the calculating table for age estimation. All the teeth of the sample, except the wisdom teeth, are observed, and categories on the degree of attrition are decided on the healthy teeth, and categories on the state of treatment are decided on the other teeth. Twenty-eight numerical values corresponding with each category on each item are extracted from Table 6 (calculating table for age estimation) and added. After further adding a mean value, the resulting fraction is rounded off to one decimal place. The resulting figure is the estimated age of the sample concerned.
The following will be an explanation on the usage of the table on the basis of the example given in Table 7 .
The degree of attrition and the state of treatment with respect to the 28 teeth of the individual concerned are shown as the condition of the teeth in the Table.   Table 6 The Calculating First, the condition of the teeth is carefully observed, and a numerical value assigned to the condition of each tooth is selected from the calculating table for age estimation. Take the second molar on the left side of the upper jaw as an example. Its attrition degree is B. The column in the table listing attrition B (category No. 2) for the second molar on the left side of the upper jaw is given the value -0.54. Similarly, as the first molar on the left side of the upper jaw is also in state of attrition B, the numerical value 0.14 is obtained from Table 6 . The second molar on the right side of the lower jaw is a decayed tooth whose attrition cannot be observed. As this condition puts it in category No. 4, a numerical value of -1.50 is obtained. In a similar manner, numerical values for 28 teeth are obtained, down to the second molar on the left side of the lower jaw, which is crowned and is assigned a numerical value of 0.73. The 28 numerical values picked out are added, and finally a mean value of 38.78, (the average of actual age of the 1,000 samples used in preparing the table) is also added. This value, the fractions rounded off to one decimal place, is the estimated age.
The individual used as an example was given -9.30 as a subtotal for the 28 numerical values. Addition of the mean value of 38.78 gave 29.48 or 29 as the estimated age. In this case, the estimated age showed a difference of two years, as the 
Accuracy of Estimation with the Present Method
The age of each of the 1,000 samples used in this experiment was estimated using the calculating table for the age estimation proposed in this report. A correlation diagram showing the relationship between the estimated age and the actual age is given in Fig. 2 . The multiple correlation coefficient between the estimated and actual ages was 0.814. Table 9 gives the results of a study made of the accuracy of estimations by age group. The samples whose estimated age approached the actual age within + 3 years accounted for 323 (32.3%) out of the 1,000. By age group, the correct estimation rate of 38.0% for the group in their 20's, was the highest, followed by 37.2% for samples in their 30's, by 30.6% for those in * The multiple correlation coefficient:0.814 Fig. 2 Correlation between estimated and actual ages Table 9 Accuracy of estimation by age groups Fig. 3 Partial coefficient correlation their 40's, by 26.4% for those in their 50's, and by 13.5% for those in their 60's and above, the lowest accuracy among the age groups. The accuracy of estimation was higher with the younger age groups. A difference of + 5 years between the actual and estimated ages accounted for 52.3%, but estimations within + 10 years of the actual age accounted for 79.6%. Differences of more than 21 years between the actual and estimated ages accounted for 2.3% of the total. Such a wide discrepancy was infrequent, at 0.5 to 2.7%, with samples between the ages of 20 and 50.
Useful Tooth to Age Estimation
In order to find out which of the 28 teeth contributes most to the estimation of age using the "calculating table for age estimation" proposed, a partial correlation coefficient for each tooth was calculated.
The results are shown in Fig. 3 .
It was found that the partial correlation coefficient for the second molar on the left side of the upper jaw was the highest at 0.181, followed by that for the central incisor on the left side of the lower jaw at 0.153 and by that for the first molar on the right side of the lower jaw at 0.134. These teeth were found to contribute notably to age estimation.
On the other hand, the partial correlation coefficient for the first molar on the left side of the lower jaw was the lowest at 0.041. The lateral incisor on the left side of the upper jaw also had a low coefficient of 0.047, and the second premolar on the right side of the upper jaw was at 0.062. These teeth have been found to contribute very little to age estimation using the proposed method.
IV. Discussion
The author has presented a large number of reports since 1966 about methods of age estimation from oral cavity features with the theory of quantification [1] [2] [3] [4] [5] [6] [7] [8] [9] . Among the various methods, estimation by dental attrition results in the highest accuracy, the correlation coefficient between the actual and estimated ages being 0.88 for this particular method. As stated in the introduction, however, this method cannot be applied to individuals with a large number of teeth not in a condition to allow the observation of attrition.
Today, the great majority of Japanese people are affected by dental caries and are receiving treatment. It is also a fact that the number of existing teeth decreases with advancing age.
Because of this, the author has devised a method by which age can be estimated even when individuals have crowns that prevent the observation of attrition or of missing teeth, though dental attrition is used as the principal basis for age estimation. The age structure of the samples was similar to that for people meeting unnatural deaths in Japan, because, for applying quantification, there is an inevitable tendency towards a rising accuracy of estimation near the mean value of the outside criterion (actual age in the case of the present report).
The biased age structure of the samples is evident in the low accuracy of estimation for the group above 60 years of age. by applying the theory of quantification type 1 has been proposed. As the correlation between the estimated age derived from the "calculating table for age estimation" proposed here and the actual age is high, the method is considered feasible for practical application.
